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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an art for gen-
erating an image of high quality in an imaging apparatus
such as video camera, and more particularly to an art
for enhancing the picture quality in a moving picture tak-
ing mode not requiring correction for camera shake
(image drift).

BACKGROUND OF THE INVENTION

[0002] As a conventional video camera capable of tak-
ing both moving picture and still picture of high picture
quality, the one disclosed in Japanese Laid-open Patent
No. 8-154212 is described below.

[0003] It comprises a solid-state imaging element
adding a camera shake correction region to an imaging
region of one frame, a field memory of a memory capac-
ity for two fields, and a camera shake correction func-
tion.

[0004] In this constitution, after transfer to still picture
mode, the camera shake correction function in the mov-
ing picture taking mode is stopped, horizontal scanning
lines including the camera shake correction region are
read out from the solid-state imaging element in the
period of two fields, and image lines are interpolated by
the line interpolating method by using the obtained line
data to generate image data for one frame, so that still
picture data of high quality is generated from the still
picture by the field data after conventional camera
shake correction.

[0005] In such constitution, however, in the moving
picture, since only part of signals in the total imaging
region of the solid-state imaging element is used owing
to camera shake correction, the picture quality cannot
be sufficiently enhanced. Even in the case of taking a
moving picture not requiring camera shake, for exam-
ple, when using a tripod, conventionally, only part of sig-
nals in the total imaging region of the solid-stage
imaging element is used, and it is impossible to obtain a
moving picture of high quality by utilizing the camera
shake correction region.

SUMMARY OF THE INVENTION

[0006] It is hence an object of the invention to present
an imaging apparatus capable of realizing still picture of
high image quality and moving picture of high image
quality, realizing moving picture by camera shake
(image drift) correction and moving picture of high
image quality in moving picture taking mode without
requiring camera shake correction, and realizing mov-
ing picture of high image quality by camera shake cor-
rection.

[0007] To achieve, the object, the invention presents
an imaging apparatus comprising an imaging element
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having the number of scanning lines more than the
number of scanning lines on the basis of a scanning
system such as a television broadcasting system, imag-
ing element driving means for driving the imaging ele-
ment, video signal generating means for generating a
first video signal from the output signal of the imaging
element, still picture generating means for generating a
still picture from the first video signal, and scanning con-
verting means for generating a second video signal hav-
ing the number of scanning lines conforming to the
scanning system such as the intended television broad-
casting system from the first video signal, or an imaging
apparatus comprising an imaging element having the
number of scanning lines more than the number of
scanning lines on the basis of a scanning system such
as a television broadcasting system, imaging element
driving means for driving the imaging element, video
signal generating means for generating a first video sig-
nal from the output signal of the imaging element, and
scanning converting means for generating a second
video signal having the number of scanning lines con-
forming to the scanning system such as the television
broadcasting system corresponding to the presence or
absence of camera shake correction from the first video
signal.

[0008] In the invention, in order to realize a moving
picture of high image quality, the video signal from the
imaging element is read out by a first synchronizing sig-
nal different from the synchronizing signal of the output
image, and the video signal being read out by this first
synchronizing signal is converted into a video signal of
a second synchronizing signal on the basis of the scan-
ning system such as the intended television broadcast-
ing system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Fig. 1 is a block diagram showing an entire constitu-
tion of an imaging apparatus in embodiment 1 of
the invention.

Fig. 2 is a block diagram showing a specific consti-
tution of a video signal converting circuit in the
imaging apparatus in Fig. 1.

Fig. 3 is a block diagram showing a specific consti-
tution of a circuit for interpolating lines or pixels in
an interpolating circuit in the video signal convert-
ing circuit in Fig. 2.

Fig. 4 is a timing chart showing the relation
between a first video signal by video signal generat-
ing means in the imaging apparatus in Fig. 1 and a
second video signal scanned and converted by
scanning converting means, in particular, the rela-
tion of horizontal and vertical reference signals.
Fig. 5 is an explanatory diagram of interpolating
processing operation in the interpolating circuit in
Fig. 3.
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Fig. 6 is an explanatory diagram showing a two-
dimensional relation between a first video signal
generated by video signal generating means and a
second video signal after scanning conversion by
scanning converting means.

Fig. 7 is a block diagram showing other constitution
of synchronizing signal converting circuit in the
imaging apparatus in Fig. 1.

Fig. 8 is an explanatory diagram showing a two-
dimensional relation in the case of scanning con-
version of the video signal obtained by cutting out
from part of region of the imaging element by signal
generating means, by scanning converting means.
Fig. 9 is a block diagram showing essential parts of
an imaging apparatus in embodiment 2 of the
invention.

Fig. 10 is an explanatory diagram showing a two-
dimensional relation between a first video signal
generated by video signal generating means and a
second video signal after scanning conversion by
scanning converting means in embodiment 2 of the
invention.

Fig. 11 is a block diagram showing essential parts
of an imaging apparatus in embodiment 3 of the
invention.

Fig. 12 is an explanatory diagram showing a two-
dimensional relation between a first video signal
generated by video signal generating means and a
second video signal after scanning conversion by
scanning converting means in embodiment 3 of the
invention.

Fig. 13 is a block diagram showing essential parts
of an imaging apparatus in embodiment 4 of the
invention.

Fig. 14 is an explanatory diagram showing a two-
dimensional relation between a first video signal
generated by video signal generating means and a
second video signal after scanning conversion by
scanning converting means in embodiment 4 of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Referring now to the drawings, preferred
embodiments of the invention are described below.

(Embodiment 1)

[0011] Fig. 1 is a block diagram of an imaging appara-
tus in embodiment 1 of the invention.

[0012] The imaging apparatus of embodiment 1 com-
prises video signal generating means 201, scanning
converting means 202, and a total control circuit 216 for
comprehensively controlling the both means 201, 202.
[0013] In the following description, all mutually syn-
chronized signals handled in the video signal generat-
ing means 201 are collectively called the first
synchronizing system, and all mutually synchronized
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signals handled in the scanning converting means 202
are collectively called the second synchronizing system.
[0014] The video signal generating means 201 is for
generating video signals on the basis of imaging, and
includes an imaging element 203 such as CCD, a drive
circuit 204 for driving this imaging element 203, a drive
control circuit 205 for controlling the drive circuit 204, an
analog signal processing circuit 206 for processing the
signal delivered from the imaging element 203 by ana-
log processing such as correlated double sampling
(CDS), AGC, or gamma-correction, an A/D converting
circuit 207 for digitizing the output of this analog
processing circuit 206, a digital signal processing circuit
(1) 208 for processing the output of this A/D converting
circuit 207 by digital processing such as conversion to
YC (or RGB), and a synchronizing system signal gener-
ating circuit (1) 209.

[0015] The imaging element 203 is, in this example,
composed of m1 lines x n1 pixels in the entire imaging
region, and in the still picture taking mode, or in the
moving picture taking mode without camera shake cor-
rection, signals from the entire region (m1 x n1) are
issued.

[0016] The synchronizing system signal generating
circuit (1) 209 generates synchronizing clocks neces-
sary for the circuits 205, 206, ..., on the basis of sam-
pling clock CK1, horizontal and vertical reference
signals HD1, VD1, and synchronizing signal P12 neces-
sary for phase adjustment between the first synchroniz-
ing system and second synchronizing system.

[0017] The scanning converting means 202 converts
the video signal issued from the video signal generating
means 201 in the length of one line, number of lines or
the like so as to be conforming to a final scanning sys-
tem (for example, NTSC scanning system), a signal
converting circuit 212 includes a video signal converting
circuit 210 for scanning and converting the video signal
S1 from the video signal generating means 201, and a
synchronizing signal converting circuit 211 for convert-
ing the horizontal and vertical reference signals HD1,
VD1 from the synchronizing system signal generating
circuit (1) 209 into horizontal and vertical reference sig-
nals HD2, VD2 of the second synchronizing system,
and this synchronizing signal converting circuit 211 is
composed, for example, by combining PLL circuit, fre-
quency dividing circuit and others, and includes a con-
version control circuit 213 for controlling this signal
converting circuit 212, a digital signal processing circuit
(2) 214 for processing the output of the video signal
converting circuit 210 as specified, and a synchronizing
system signal generating circuit (2) 215 for generating
reference signal P21 and reference signal P22 of sec-
ond synchronizing system necessary for the circuits
213, 214, by using sampling clock CK2 and horizontal
and vertical reference signals HD2, VD2 of the second
synchronizing system.

[0018] Fig. 2 is a block diagram showing a specific
example of constitution of the video signal converting
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circuit 210.

[0019] Inthe diagram, an interpolating circuit 300 is for
interpolating the video signal as specified, as described
later, which corresponds to interpolating means men-
tioned in the claims. A RAM 301 is a RAM capable of
controlling writing and reading of video signal independ-
ently. A write control signal generating circuit 302 gener-
ates a write control signal for the RAM 301. A read
control signal generating circuit 303 generates a read
control signal for the RAM 301, and these circuits are
controlled by the conversion control circuit 213.

[0020] Fig. 3 is a block diagram showing a specific
constitution of a circuit 300a for interpolating also lines
in the interpolating circuit 300.

[0021] In the diagram, an input terminal 401 of video
signal is connected to a delay circuit 402 for obtaining a
necessary delay, in this case, a delay for one line and a
second multiplier 404, and a first multiplier 403 is con-
nected to the output of the delay circuit 402 for multiply-
ing by a specified weighting coefficient w. The second
multiplier 404 multiplies the input video signal from the
input terminal 401 by a specified weighting coefficient (1
- w). An adder 405 sums up the outputs of the both mul-
tipliers 403, 404.

[0022] The operation of the imaging apparatus in
embodiment 1 is described below. In the still picture tak-
ing mode, since there is no particular limitation in the
processing time of still picture signals, pixel signals in
the entire imaging region may be processed in a speci-
fied time. In this case, by taking out the output of the dig-
ital signal processing circuit (1) 208, a still picture signal
can be obtained. Therefore, in this case, the video sig-
nal generating means 201 may be regarded to function
also as the still picture generating means, but the output
of the digital signal processing circuit (1) 208 may be
also obtained as the still picture output through still pic-
ture processing circuit (corresponding to the still picture
generating means) not shown in the drawing.

[0023] In the case of setting in moving picture taking
mode not requiring camera shake correction, pixels sig-
nals in the almost entire imaging region must be proc-
essed within a processing time conforming to the
television broadcasting system. The operation in this
moving picture taking mode not requiring camera shake
correction is described below.

[0024] From the imaging element 203, a video signal
is read out by a drive signal of the drive circuit 204
according to the control of the drive control circuit 205.
At this time, the reading region of the imaging element
203 is determined by the reading position information or
the like from the drive control circuit 205 controlled by
the entire control circuit 216.

[0025] Herein, when the moving picture taking mode
not requiring camera shake correction is set, signals of
entire region (m1 lines x n1 pixels) is issued from the
imaging element 203.

[0026] In this case, the video signal obtained in the
imaging element 203 is, as shown in Fig. 4, read out in
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synchronism with vertical reference signal VD1 (gener-
ated in every 1 field period: TV1) and horizontal refer-
ence signal HD1 (generated in every 1 horizontal
period: TH1) generated according to the sampling clock
CK1 by the synchronizing system signal generating cir-
cuit (1) 209.

[0027] The video signal being thus read out is proc-
essed by CDS, AGC, gamma-correction or the like in
the analog signal processing circuit 206, and is then dig-
itized in the A/D converting circuit 207, and processed in
the digital signal processing circuit (1) 208 by, for exam-
ple, YC conversion or RGB conversion.

[0028] The processing operation of the circuits 206,
207, 208 in this case is also synchronized with the hori-
zontal and vertical reference signals HD1, VD1 gener-
ated by the synchronizing system signal generating
circuit (1) 209 same as in the case above.

[0029] Consequently, video signal S1 issued from the
video signal generating means 201 and reference sig-
nals CK1, HD1, VD1 are also sent into the scanning
converting means 202.

[0030] The horizontal and vertical synchronizing sig-
nals HD1, VD1 entered in the synchronising signal con-
verting circuit 211 are synchronized with the sampling
clock CK2 given to the second synchronizing system,
and vertical reference signal VD2 (generated in every 1
field period: TV2) and horizontal reference signal HD2
(generated in every 1 horizontal period: TH2) of the sec-
ond synchronizing system as shown in Fig. 4 are gener-
ated. Further, in the synchronizing system signal
generating circuit (2) 215, from the reference signals
HD2, VD2 synchronized with the sampling clock CK2,
reference signals P21, P22 necessary for the circuits
213, 214 of the second synchronizing system are gen-
erated.

[0031] On the other hand, the conversion control cir-
cuit 213 generates a control signal necessary for the
video signal converting circuit 210 in the signal convert-
ing circuit 212 using the reference signals P12, P22 of
the first and second synchronizing systems.

[0032] The video signal converting circuit 210 is con-
trolled by a control signal in this conversion control cir-
cuit 213, and interpolates the input video signal S1, and
generates a signal having the number of lines (M2 in
this case) conforming to the second synchronizing sys-
tem and specified number of pixels (n2 in this case) in
every line. This interpolating process is realized by gen-
erating a compressed interpolating signal by the inter-
polating circuit 300 and RAM 301 in Fig. 2, and
controlling it by the conversion control circuit 213.
[0033] The operation of the video signal converting
circuit 210 is further specifically described below by
referring to Fig. 5 and Fig. 6.

[0034] Fig. 5 shows the operation of obtaining com-
pressed interpolating signals (shown by A, B, C, ... in
the diagram) by compressing in the vertical direction at
a specified compression rate m2/m1 (herein 3/4) from
the input video signals S1 (shown by a, b, ¢, ... in the



7 EP 0 926 888 A2 8

diagram).

[0035] In Fig. 5, for example, to obtain one interpolat-
ing signal B, in the circuit 300a for interpolating the lines
in the interpolating circuit 300 shown in Fig. 3, the input
video signal b obtained by delaying by one line in the
delay circuit 402 and the present input video signal ¢ are
multiplied by weighting coefficients w, (1 - w) (herein w
= 0.67, 1 - w = 0.33) in the first arid second multipliers
403, 404, respectively, and both signals are added by
interpolation in the adder 405. As a result, as shown in
Fig. 6, the number of lines in the vertical direction is
compressed from m1 to m2 (m1> m2).

[0036] In addition, behind the circuit 300a, a circuit
300b in the same constitution as the circuit 300a for
interpolating the pixels as the delay circuit for one pixel
is connected in series, and the interpolating signal com-
pressed in the vertical direction is also compressed at a
specified compression rate n2/n1 successively in the
horizontal direction.

[0037] Consequently, as shown in Fig. 6, in the hori-
zontal direction (each line), supposing the first synchro-
nizing system to be composed of n1 pixels, in the
second synchronizing system, it is compressed to n2
pixels (n1 > n2). In this case, there are unnecessary
interpolating signals by (m1 - m2) lines in each field, and
unnecessary interpolating signals by (n1 - n2) pixels in
each line, but these unnecessary interpolating signals
are eliminated, for example, by write control into the
RAM 301 by the write control signal generating circuit
302 in Fig. 2, or eliminated by once writing all into the
RAM 301 and controlling to read out effective signals
only by the read control signal generating circuit 303. In
Fig. 5, the interpolating signals generated by input d line
and e line are eliminated as being unnecessary.

[0038] Finally, the mutual relation of the first synchro-
nizing system and second synchronizing system
becomes as shown in Fig. 6.

[0039] Thatis, by interpolating processing of the video
signal converting circuit 210, the number of lines in the
vertical direction is compressed from m1 lines in the first
synchronizing system to m2 lines in the second syn-
chronizing system, and the number of dots in the hori-
zontal direction is compressed from n1 dots in the first
synchronizing system to n2 dots in the second synchro-
nizing system, and for this purpose, supposing TV1 and
TV2 of the vertical reference signals VD1, VD2 of the
first synchronizing system and second synchronizing
system are equal to each other for the period of one
field (TV1 = TV2), frequencies f1, f2 of sampling clocks
CK1, CK2 of the first synchronizing system and second
synchronizing system for determining TH1, TH2 in the
period of one line of the horizontal reference signals
VH1, VH2 of the first synchronizing system and second
synchronizing system must satisfy the following condi-
tion.

m x n1 x (1/41) = m2 x n2 x (1/42) (1)
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[0040] Therefore, by setting the frequencies 1, f2 of
the sampling clocks CK1, CK2 of the first and second
synchronizing systems in order to satisfy formula (1),
the signal in the imaging region of (m1 lines x n1 pixels)
can be read out from the imaging element 203 in the
period of one field, and this signal can be converted into
a signal of (m2 lines x n2 pixels).

[0041] As aresult, itis possible to conform to the final
output forma (for example, display format or recording
format conforming to TV broadcasting system).

[0042] Thus, in embodiment 1, in the case of the rela-
tion of the first synchronizing system and second syn-
chronizing system in which TV1 = TV1 in the period of
one field, and TH1<TH2 in one horizontal period of hor-
izontal reference signals HD1, HD2, in other words,
from the imaging element being read out according to
the reference signal of the first synchronizing system
having the number of lines more than the number of
lines in the output system, for example, the imaging ele-
ment having correction allowance lines for camera
shake correction, signals of the number of lines more
than the number of lines in the reference signal in the
second synchronizing system (for example, all line sig-
nals) can be read out and interpolated and converted
into signals conforming to the output system or the sec-
ond synchronizing system. Similarly, in embodiment 1,
from the imaging element being read out according to
the reference signal of the first synchronizing system
having the number of pixels per line more than the
number of pixels per line in the output system, for exam-
ple, the imaging element having correction allowance
lines for camera shake correction, signals of the number
of pixels more than the number of pixels per line in the
reference signal in the second synchronizing system
can be read out and interpolated and converted into sig-
nals conforming to the output system or the second syn-
chronizing system. As a result, an image of high picture
quality is obtained.

[0043] Incidentally, embodiment 1 may be modified as
follows.

(1) In the imaging apparatus in embodiment 1, by
installing the interpolating circuit 300 in the video
signal converting circuit 210, only the case of com-
pressed interpolating process on video signal is
shown, but to be applicable to an expanded interpo-
lating process for generating video signals of the
second synchronizing system of the larger number
of lines from the video signal of the smaller number
of lines, expanded interpolating signals can be gen-
erated by installing an interpolating circuit at the
output side of the RAM 301. In this expanded inter-
polating process, for example, four pixels are gen-
erated from three pixels, or four lines from three
lines, by interpolating process, so that an interpolat-
ing signal is obtained from the combination of same
input signals once in every four pixels (or four lines).
(2) In the synchronizing signal converting circuit
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211, in the constitution combining the PLL circuit,
dividing circuit and others, the case of converting
the first synchronizing system into second synchro-
nizing system is shown, but it is also possible to
constitute as shown in Fig. 7.

That is, the synchronizing signal converting cir-

cuit 211a in Fig. 7 comprises a RAM 524 for wave-
form memory, and a write control signal generating
circuit 525 and a read control signal generating cir-
cuit 526 for controlling write and read of the RAM
524 respectively, and in the period of the sampling
clock CK1 of the first synchronizing system, the
waveforms of the reference signals HD1, VD1 of
the first synchronizing system are stored in the
RAM 524, while in the period of the sampling clock
CK2 of the second synchronizing system, the
stored waveforms in the RAM 524 are read out,
thereby generating horizontal and vertical refer-
ence signals HD2, VD2 of the second synchroniz-
ing system.
(3) In embodiment 1, output signals of the entire
region (m1 lines x n1 pixels) of the imaging element
203 are converted into video signals of the second
synchronizing system, but as shown in Fig. 8, by
partly limiting the reading region of the imaging ele-
ment 203, frequencies 1, f2 of the sampling clocks
CK1, CK2 of the specified first and second synchro-
nizing system can be set easily while maintaining
the aspect ratio of display conforming to the NTSC
television broadcasting system or the like.

[0044] That is, by the control of the drive control circuit
205, in Fig.8 (a), of the entire region (m1 lines x n1 pix-
els) of the imaging element 203, upper and lower end
regions are eliminated by high speed sweeping action,
and only the signals of (m3 lines x n1 pixels) are read
out as video signals (see Fig. 8 (b)).
[0045] Video signals of (M3 lines x n3 pixels) in part of
(m3 lines x n1 pixels) of the first synchronizing system
are converted into video signals of (m2 lines x n2 pixels)
by the video signal converting circuit 210 of the scan-
ning converting means 202.
[0046] In this case, the mutual relation of the first syn-
chronizing system and second synchronizing system is
not the relation in formula (1), but must satisfy the rela-
tion of

m3 x n1 x (1/f/1) =m2 x n2 x (1/f2) )]
[0047] That is, not limited by the magnitude of the
entire imaging region (m1 x n1) of the imaging element
203, since frequencies f1 and f2 of sampling clocks
CK1, CK2 of the first and second synchronizing sys-
tems can be set by the relation of its partial region (m3
x n1) and final output system (m2 x n2), the ratio of the
both frequencies 1, f2 may be set to a simple ratio of an
integer, so that a simpler system constitution may be
realized.
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[0048] Meanwhile, in the explanation of Fig. 8, all sig-
nals of the number of pixels n1 in the horizontal direc-
tion are read out from the imaging element 203, but as
for the imaging element 203, for example, by high speed
sweep control in the horizontal direction, signals in an
arbitrary region (m3 lines x n3 pixels) in the entire imag-
ing region (m1 lines x n1 pixels) of the imaging element
203 are read out as first synchronizing system signals,
and the same effects are obtained by converting all of
thus read-out video signals S1 into video signals S2 of
the second synchronizing system.

[0049] In this case, when cutting out an arbitrary
region (m3 lines x n3 pixels) for converting into video
signals of the second synchronizing system from the
entire imaging region (m1 x n1) of the imaging element
203, by using the camera shake correction information,
both correction of camera shake and generation of
image of high picture quality and wide angle of view can
be realized.

(Embodiment 2)

[0050] Fig. 9 is a block diagram of an imaging appara-
tus in embodiment 2, and the parts corresponding to the
constitution of embodiment 1 shown in Fig. 1 through
Fig. 3 are identified with same reference numerals.
[0051] A feature of the imaging apparatus in this
embodiment 2 is that a vertical filter circuit 519 is pro-
vided in order to remove high frequency components
contained in the output signal from the digital signal
processing circuit (1) 208, and this vertical filter circuit
519 comprises a filter circuit (1) 517 for filtering lumi-
nance signal Y1 in the vertical direction, and a filter cir-
cuit (2) 518 for filtering chrominance signal C1 in the
vertical direction.

[0052] This vertical filter circuit 519 is intended to pre-
vent occurrence of aliasing because the frequency 2 of
the sampling clock CK2 of the second synchronizing
system is lower than the frequency f1 of the sampling
clock CK1 of the first synchronizing system.

[0053] A video signal converting circuit 210a is
intended to convert video signals Y1, C1 from the verti-
cal filter circuit 519 to video signals conforming to the
final scanning system, and comprises a RAM 520 for
luminance signal and a RAM 521 for chrominance sig-
nal for doing write operation and read operation inde-
pendently, and a write control signal generating circuit
522 and a read control generating circuit 523 for both
RAMs 520, 521.

[0054] In this embodiment 2, the signals passing
through the filter circuit 519 and limited in band are
processed by sub-sampling (decimating) the number of
lines for the video signals to be entered, by write control
or read control on the RAMs 520, 521 by the conversion
control circuit 213.

[0055] The other constitution is same as in embodi-
ment 1 shown in Fig. 1 through Fig. 3, and detailed
description is omitted.
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[0056] The operation of the imaging apparatus in
embodiment 2 is explained below mainly relating to a
method of processing the pixel signals nearly in the
entire imaging region within a processing time conform-
ing to the television broadcasting system.

[0057] Herein, the imaging element 203 has a larger
number of lines than the number of scanning lines of tel-
evision broadcasting system such as NTSC or PAL.
That is, in this imaging element 203, as shown in Fig. 10
(a), the effective region being read out from the this ele-
ment is composed of 720 pixels in the horizontal direc-
tion, and 576 lines in the vertical direction, and in the
mode of reading out by mixing two pixels each in the
vertical direction, the number of effective lines is 288
lines in the period of one field, at 60 fields/second, and
the number of effective pixels in the period of one line is
720 pixels.

[0058] The video signals being delivered from the
imaging element 203 on the basis of the horizontal and
vertical reference signals HD1/VD1 of the first synchro-
nizing system pass through the analog signal process-
ing circuit 206, A/D converting circuit 207, and digital
signal processing circuit (1) 208, and become lumi-
nance signal Y1 and chrominance signal C1.

[0059] These video signals Y1, C1 are limited in the
frequency band in the vertical direction by the vertical fil-
ter circuit 519. In this case, the limiting ratio of frequency
band is about 5/6, same as the ratio of the number of
lines (=240/288) as mentioned below.

[0060] The video signals Y1, C1 thus limited in the fre-
quency band in the vertical direction are converted into
video signals Y2, C2 of the second synchronizing sys-
tem by the video signal converting circuit 210a.

[0061] That is, in the video signal converting circuit
2104, in the output signal of the vertical filter circuit 519,
decimating one line out of every six lines, the remaining
five lines are sampled by the horizontal reference signal
HD2 and sampling clock CK2 of the second synchroniz-
ing system. This sub-sampling process (decimating
process) of one line is effected when writing in or read-
ing out the both RAMs 520, 521.

[0062] At this time, since the frequency band in the
vertical direction is preliminarily limited by the vertical fil-
ter circuit 519, if the frequency 2 of the sampling clock
CK2 of the second synchronizing system is lower than
the frequency 1 of the sampling clock CK1 of the first
synchronizing system, occurrence of aliasing can be
prevented.

[0063] Thus, the video signal converted by the video
signal converting circuit 210a is as shown in Fig. 10 (b),
that is, at 60 fields/second, the number of effective lines
is 240 lines in the period of one field and the number of
effective pixels is 720 pixels in the period of one line.
[0064] Herein, in the scanning system conforming to
the NTSC television broadcasting system, 60 fields/sec-
ond, 525/2 (=262.5) linesffield, sampling of 858 pix-
els/line, and the frequency 2 of the sampling clock CK2
is 13.5 MHz, but the effective image data in the digital
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recording format (DV format) is the quantity of data
shown in Fig. 10 (b).

[0065] Afterwards, the luminance signal Y2 and
chrominance signal C2 generated by this signal conver-
sion are processed by the digital signal processing cir-
cuit (2) 214, and converted into signals conforming to
the display format or record format of the television
broadcasting system in a later stage.

[0066] Incidentally, depending on the imaging element
being used, the number of effective lines in the period of
one field shown in Fig. 10 may be different from 288
lines, and in such a case, by reading out the number of
lines forming a simple integer ratio to the number of
effective lines of the second synchronizing system from
the imaging element 203, similar processing is possible
by controlling the filter characteristic of the vertical filter
circuit 519 conforming to this ratio of number of lines
and the RAMs 520, 521 of the video signal converting
circuit 210a.

[0067] Thus, in the imaging apparatus according to
embodiment 2, when reading out the video signal hav-
ing a larger number of horizontal scanning lines as com-
pared with the scanning system on the basis of the
NTSC television broadcasting system, after necessary
frequency band limiting in the vertical filter circuit 519,
video signals Y2, C2 of the second synchronizing sys-
tem are generated by sub-sampling process (decimat-
ing process) in the video signal converting signal 210a,
video signals of high picture quality will be obtained.
[0068] It corresponds, for example, to a case of using
one for PAL as the imaging element 203 having a cor-
rection allowance line for camera shake correction, and
delivering in the display format of NTSC broadcasting
system, so that a video signal of high picture quality and
wide angle of view will be obtained.

(Embodiment 3)

[0069] Fig. 11 is a block diagram of an imaging appa-
ratus according to embodiment 3, and parts corre-
sponding to embodiment 2 shown in Fig. 9 are identified
with same reference numerals.

[0070] It is a feature of the imaging apparatus of
embodiment 3 that a horizontal filter circuit 529 for filter-
ing the output signal from the digital signal processing
circuit (1) 208 in the horizontal direction is added to the
constitution in Fig. 9.

[0071] This horizontal filter circuit 529 comprises a fil-
ter circuit (3) 527 for filtering luminance signal Y1 in the
horizontal direction, and a filter circuit (4) 528 for filtering
chrominance signal C1 in the horizontal direction.
[0072] In this embodiment 3, by write control or read
control to the RAMs 520, 521 by the conversion control
circuit 213, it is constituted to process the number of
lines of input video signal by sub-sampling (decimating),
and also process the pixels in the horizontal direction by
sub-sampling (decimating).

[0073] The other constitution is same as embodiment
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2 shown in Fig. 9, and detailed description is omitted.
[0074] The operation of the imaging apparatus in
embodiment 3 is explained below, same as in embodi-
ment 2, mainly relating to a method of processing the
pixel signals nearly in the entire imaging region within a
processing time conforming to the television broadcast-
ing system.

[0075] Herein, the imaging element 203 has a larger
number of lines than the number of scanning lines of tel-
evision broadcasting system such as NTSC or PAL.
That is, in this imaging element 203, as shown in Fig. 12
(a), the effective region being read out from this element
is composed of 960 pixels in the horizontal direction,
and 640 lines in the vertical direction, and in the mode
of reading out by mixing two lines in the vertical direc-
tion, the number of effective lines is 320 lines in the
period of one field, at 60 fields/second, and the number
of effective pixels in the period of one line is 960 pixels.
[0076] The video signals being delivered from the
imaging element 203 on the basis of the horizontal and
vertical reference signals HD1/VD1 of the first synchro-
nizing system pass through the analog signal process-
ing circuit 206, A/D converting circuit 207, and digital
signal processing circuit (1) 208, and become lumi-
nance signal Y1 and chrominance signal C1.

[0077] These video signals Y1, C1 are limited in the
frequency band in the horizontal direction by the hori-
zontal filter circuit 529, and further limited in the fre-
quency band in the vertical direction by the vertical filter
circuit 519.

[0078] In this case, the limiting ratio of frequency band
is, as described below, 3/4, same as the ratio of the
number of pixels, in the horizontal direction, and about
3/4, same as the ratio of the number of lines, in the ver-
tical direction.

[0079] Video signals Y1, C1 thus limited in the fre-
quency band in the horizontal direction and vertical
direction are converted into video signals Y2, C2 of the
second synchronizing system by the video signal con-
verting circuit 210a.

[0080] That is, in the video signal converting circuit
210a, decimating one line out of every four lines in the
output signal of the vertical filter circuit 519, the remain-
ing three effective lines are sampled by the sampling
clock CK2 of the second synchronizing system by deci-
mating one pixel from every four pixels in the horizontal
direction in every line. That is, two-dimensional sub-
sampling process (decimating process) is done by the
video signal converting circuit 210a. This sub-sampling
process (decimating process) is effected when writing in
or reading out the RAMs 520, 521.

[0081] At this time, since the frequency band in the
horizontal direction and vertical direction is preliminarily
limited by the horizontal filter circuit 529 and vertical fil-
ter circuit 519, if the frequency f2 of the horizontal refer-
ence signal HD2 and sampling clock CK2 of the second
synchronizing system is lower than the frequency f1 of
the horizontal reference signal HD1 and sampling clock
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CK1 of the first synchronizing system, occurrence of
aliasing can be prevented.

[0082] Thus, the video signal converted by the video
signal converting circuit 210a is as shown in Fig. 12 (b),
that is, at 60 fields/second, the number of effective lines
is 240 lines in the period of one field and the number of
effective pixels is 720 pixels in the period of one line.
[0083] Herein, in the scanning system conforming to
the NTSC television broadcasting system, 60 fields/sec-
ond, 525/2 (=262.5) linesffield, sampling of 858 pix-
els/line, and the frequency f2 of the sampling clock CK2
is 13.5 MHz, but the effective image data in the digital
recording format (DV format) is the quantity of data
shown in Fig. 12 (b).

[0084] Afterwards, the luminance signal Y2 and
chrominance signal C2 generated by this signal conver-
sion are processed by the digital signal processing cir-
cuit (2) 214, and converted into signals conforming to
the display format or record format of the television
broadcasting system in a later stage.

[0085] Incidentally, depending on the imaging element
203 being used, the number of effective lines in the
period of one field shown in Fig. 12 (a) may be different
from 320 lines, or the number of horizontal effective pix-
els may be different from 960 pixels, and in such a case,
similar processing is possible by reading out the number
of lines forming a simple integer ratio to the number of
effective lines of the second synchronizing system from
the imaging element 203, controlling the filter character-
istic of the vertical filter circuit 519 conforming to this
ratio of number of lines, or determining a simple integer
ratio to the number of effective horizontal pixels of the
second synchronizing system, and controlling the filter
characteristic of the horizontal filter circuit 529 conform-
ing to this ratio of number of pixels, controlling the RAMs
520, 521 of the video signal converting circuit 210a, and
sub-sampling (decimating) the number of lines and the
number of horizontal pixels.

[0086] Thus, in the imaging apparatus according to
embodiment 3, when reading out the video signal hav-
ing a larger number of scanning lines from the imaging
element 203 as compared with the synchronizing signal
according to NTSC television broadcasting system, and
when sub-sampling (decimating) the number of pixels in
every line, after necessary frequency band limiting in
the horizontal filter 529 and vertical filter circuit 519,
video signals Y2, C2 of the second synchronizing sys-
tem are generated in the video signal converting signal
210a, video signals of high picture quality will be
obtained.

[0087] Incidentally, in embodiment 3, since decimating
process in the horizontal direction after horizontal filter
processing is done nearly at the same time as decimat-
ing process in the vertical direction by write control or
read control of the RAMs 520, 521 of the video signal
converting circuit 210a, the sequence of the horizontal
filter circuit 529 and vertical filter circuit 519 may be
freely inverted.
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[0088] However, the invention is not limited to this
example, and in the constitution of executing vertical fil-
ter process after horizontal filter process, for instance,
plural line memories are necessary for vertical filter
process, and therefore the horizontal direction can be
decimated in write control or read control in the line
memories.

(Embodiment 4)

[0089] Fig. 13 is a block diagram of an imaging appa-
ratus according to embodiment 4, and parts corre-
sponding to embodiment 3 shown in Fig. 11 are
identified with same reference numerals.

[0090] In the imaging apparatus in embodiment 4, a
signal selecting circuit 537 is provided between the ver-
tical filter circuit 519 and video signal converting circuit
210a.

[0091] The signal selecting circuit 537 is to select any
one signal of the video signals Y1, C1 delivered from
the digital signal processing circuit (1) 208, and the
video signal delivered from the vertical filter circuit 519
through the horizontal filter circuit 529, and when either
high picture quality mode or camera shake correction
mode is specified by a mode setting circuit not shown in
the drawing, it is designed to change over to the speci-
fied mode.

[0092] The other constitution is same as in embodi-
ment 3 shown in Fig. 11, and detailed description is
omitted.

[0093] The relation between the video signal being
read out from the imaging element 203 and the scan-
ning conversion by the video signal converting circuit
210a is shown in Fig. 14.

[0094] In the imaging apparatus of embodiment 4, too,
same as in embodiments 1 to 3, the imaging element
203 is as shown in Fig. 14 (a), and the entire imaging
region is composed of m1 lines x n1 pixels, and the
number of scanning lines is larger than that of the scan-
ning system of television broadcasting system.

[0095] When the high picture quality mode is set by
the mode setting circuit not shown in the drawing, as
shown in Fig. 14 (b), on the basis of the video signal
being read out from the entire region (m1 lines x n1 pix-
els) of the imaging element 203, the scanning convert-
ing means 202 converts into a video signal (m2 lines x
n2 pixels) conforming to the final scanning system.
[0096] In the case of this high picture quality mode,
the signal selecting circuit 537 selects the output signal
limited in frequency band from the horizontal filter circuit
529 through the vertical filter circuit 519, and the video
signals Y1, C1 are entered in the video signal convert-
ing circuit 210a.

[0097] The video signal converting circuit 210a proc-
ess the input video signals Y1, C1 by sampling by the
sampling clock CK2 of the second synchronizing sys-
tem, by write control or read control to the RAMs 520,
521.
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[0098] On the other hand, when the camera shake
correction mode is set by the mode setting circuit not
shown in the drawing, to suppress image drift by cam-
era shake, the scanning converting means 202 converts
to the video signal (m2 lines x n2 pixels) conforming to
the final scanning system as shown in Fig. 14 (c)
according to the video signal being read out from part of
region (M3 lines x n3 pixels) of the imaging element
203.

[0099] In the case of this camera shake correction
mode, the signal selecting circuit 537 selects the video
signal S1 directly delivered from the digital processing
circuit (1) 208 (that is, selects the signal not passing
through the filter circuits 529, 519), and this video signal
S1 not limited in frequency band is put into the video
signal converting circuit 210a.

[0100] The video signal converting circuit 210a cuts
out a video signal in a region (an imaging region of m3
lines x n3 pixels) corresponding to the image of which
screen drift is suppressed, by write control or read con-
trol to the RAMs 520, 521, on the basis of the camera
shake information (not shown) for suppressing screen
drift by camera shake.

[0101] Thatis, in Fig. 14 (a), the range for cutting out
for m3 lines for camera shake correction is to move up
and down according to the camera shake information
within the width for m1 lines, corresponding to the
image drift. Similarly, the range for cutting out for n3 pix-
els is to move right and left according to the camera
shake information within the width for n1 pixels corre-
sponding to the screen drift. As described above, in a
camera shake correction mode, the view angle
becomes narrower than that in a camera shake non-cor-
rection mode.

[0102] Thus, in this embodiment 4, installing the signal
selecting circuit 537, by selecting the output signal of
the filter circuits 529, 519 depending on the mode set-
ting, or selecting the signal not passing through the filter
circuits 529, 519, in high picture quality mode, an image
of high picture quality and wide angle of view is obtained
by using signals in almost entire region of the imaging
element 203, or, in camera shake correction mode, on
the other hand, using signals in part of the region of the
imaging element 203 by the camera shake information,
an image suppressed in screen drift can be obtained.
[0103] The embodiment 4 is intended to apply the
camera shake correction mode in the imaging appara-
tus in the embodiment 3, but by employing the constitu-
tion applicable to camera shake correction similarly in
the imaging apparatus in embodiments 1 and 2, same
effects can be obtained.

[0104] The camera shake information in embodiment
4 includes motion detection sensor information by angu-
lar velocity sensor or the like, and motion vector infor-
mation by video signal detection, but may also include
others.

[0105] In the embodiments 1 to 4, the interpolating
process is the linear interpolation, but, not limited to this,
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quadratic interpolation or convolutional interpolation
may be employed.

[0106] In the embodiments 2 to 4, the digital signal
processing circuit (1) 208 generates luminance signal Y
and chrominance signal C, but not limited to this, for
example, RGB signals may be generated, and the RGB
signals may be processed similarly.

[0107] When generating luminance signal Y and
chrominance signal C, the required RAM capacity may
be curtailed by narrowing the frequency band of the
chrominance signal by the difference in resolution of the
human eye to the luminance signal and chrominance
signal.

[0108] In the embodiments 1 to 4, in the imaging
apparatus using the imaging element 203 for camera
shake correction, it is mainly explained to obtain the
image of high picture quality in the case not correcting
for camera shake, but not limited to this, for example, in
the imaging apparatus corresponding to XGA (horizon-
tal 1024 x vertical 768), or SXGA (horizontal 1280 x ver-
tical 960), or horizontal 160 x vertical 1200, or horizontal
2000 x vertical 1500, for example, in the system mainly
designed for still picture taking, the same effects can be
obtained when obtaining the image of high picture qual-
ity.

[0109] Inthe embodiments 1 to 4, as the imaging ele-
ment 203, single plate system or triple plate system is
not mentioned, but not limited as single plate or triple
plate, same effects can be obtained in single plate sys-
tem, double plate system or triple plate system.

Claims
1. Animaging apparatus comprising:

an imaging element having the number of
scanning lines more than the number of scan-
ning lines on the basis of a scanning system
such as an intended television broadcasting
system,

imaging element driving means for driving said
imaging element,

video signal generating means for generating a
first video signal from the output signal of said
imaging element,

still picture generating means for generating a
still picture from said first video signal, and
scanning converting means for generating a
second video signal having the number of
scanning lines conforming to the scanning sys-
tem such as the intended television broadcast-
ing system from said first video signal.

2. Animaging apparatus comprising:
an imaging element having the number of

scanning lines more than the number of scan-
ning lines on the basis of a scanning system
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such as an intended television broadcasting
system,

imaging element driving means for driving said
imaging element,

video signal generating means for generating a
first video signal from the output signal of said
imaging element,

image drift correcting means for correcting
image drift in cooperation with said imaging
element driving means, and

scanning converting means for generating a
second video signal having the number of
scanning lines conforming to the scanning sys-
tem such as the intended television broadcast-
ing system from said first video signal.
wherein said second video signal is corrected
of image drift by said image drift correcting
means in camera shake correction mode, and
is not corrected of image drift in camera shake
non-correction mode, and the angle of view in
camera shake correction mode is narrower
than the angle of view in camera shake non-
correction mode.

3. Animaging apparatus comprising:

an imaging element having the number of
scanning lines more than the number of scan-
ning lines on the basis of a scanning system
such as an intended television broadcasting
system,

imaging element driving means for driving said
imaging element,

video signal generating means for generating a
first video signal from the output-signal of said
imaging element, and

scanning converting means for generating a
second video signal having the number of
scanning lines conforming to the scanning sys-
tem such as the intended television broadcast-
ing system from said first video signal,
wherein said first video signal is a signal cor-
rected of image drift by said imaging element
driving means and said video signal generating
means.

4. Animaging apparatus comprising:

an imaging element having the number of
scanning lines different from that of a scanning
system such as a television broadcasting sys-
tem,

video signal generating means for generating a
first video signal from the output signal of said
imaging element, and

scanning converting means for generating a
second video signal having the number of
scanning lines conforming to the scanning sys-
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tem such as the intended television broadcast-
ing system from the first video signal issued
from said video signal generating means,
wherein the second video signal scanned and
converted by said scanning converting means
is set to be equal in the period of one field, and
longer in one horizontal period, as compared
with said first video signal.

An imaging apparatus of anyone of claims 1 to 4,
wherein the relation of the first video signal and the
second video signal is set so as to satisfy the con-
dition of

m1 x n1 x (1/f/1) =m2 x n2 x (1/f2)

where m1 is the number of lines of the first video
signal obtained in said video signal generating
means, n1 is the number of pixels in the horizontal
direction of the first video signal, f1 is the frequency
of sampling clock of the first video signal, m2 is the
number of lines of the second video signal after
scanning conversion by said scanning converting
means, n2 is the number of pixels in the horizontal
direction of the second video signal, and f2 is the
frequency of the sampling clock of the second video
signal.

An imaging apparatus of any one of claims 1 to 4,
wherein said scanning converting means includes
interpolating means for converting said first video
signal into a video signal having the number of
scanning lines conforming to said intended televi-
sion broadcasting system by interpolating process,
or decimating means for converting the first video
signal into the second video signal having the
number of scanning lines conforming to said
intended television broadcasting system by interpo-
lating process and filter means for limiting the fre-
quency band of the first video signal.

An imaging apparatus of any one of claims 1 to 4,
wherein the imaging element has horizontal 1024
pixels and vertical 768 pixels, or horizontal 1280
pixels and vertical 960 pixels, or horizontal 1600
pixels and vertical 1200 pixels, or horizontal 2000
pixels and vertical 1500 pixels.
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Fig. 2

ITXD

}IN21I2 |0JIUOD UOISIBAUOD

S Gy " —— ——  — — —

g0t

oo me —— — — e — — —— — — ]

1Ino410
Gupesouel
|eubys
{04}u09 peay

e |

poe — ma

}IN2419
6upeleusb

" jeubys
{043U0D O} 4M

lllllllll ————

2o¢
s

'

00¢ g K'

o

, UND1IO
Buljejodiaju|

——— —— —— — — — — — —— — —

13



EP 0 926 888 A2

Fig. 3
..300a
7
;.. ——————————————— e
402
| 401 / w 08 405
e /

Delay circuit __®

14

— iy Sy r— t—



EP 0 926 888 A2

Fig. 4

// _
ewoun | /! ¢ aun : 2 aun :1

" (weysAs (eulbys

.24} pojsed
jeyuoziioy 8uQ

I aur I
-

Tmc_n_coh:ogm puodas

U
_
|

//
7/

—

g L

e (*Ag =)2A) (wo)sAs jeubys Bujziuosysuhks puooas) polsad plal suQ |

_ .

| |

|

_ _

| _\\ U ; i

w auy aul 1 aul

: I 1 C _._ € au _._ ¢ 1 (weyshs _m_cm,w

“ , _mﬁnEoEogm 1S4Y)
tH d

| // _4 _mucom__movzowwo

1 7/ L
-

1A (woelsAs jeub)s BujzjuoiyouAs 1s41)) porsed pjely suQ

¢dH

caa

1dH

1dA

15



EP 0 926 888 A2

Fig. 5
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Fig. 10

THWSCI: U z T

bis B :omtévgoo zom_w_\ﬂmmm_gom
(BUDIS DUIZIUOIYIUAS pUoleg jeubis BuiziuoiyouAs isii4y
jeubis BuiziuoiyosuAs puoosss Aq

jeubis Buiziuoiyouhs isily Aq
uoibais aapoeye jo weibelp onjewayss uoiBal aajjoe)je jo weibelp oneWAYIS
() (e)
ﬁumwu
(09s] (@ ITXSED/1)
THWS'ET/] . THNZ 91/1
—— ———>
gvea | | eea] gea | g | lwg | | ewa ] ziga | ua
. ) .
_ ; \ |
| . | \ |
i ! \ [
| ! \ I
| ] \ ]
i ! | |
] .
. \ —— —_ ;7
> — —p
saul| ove _ saul| 88¢
A9LS X HOZL
yueweje Buibew)
Y -
- - T - AT
sjaxid 02. ,

sjexid 022

21



EP 0 926 888 A2

¥iz (2) unaupo
Bu)ssasoid |eubis

|1enbip o)

Fig. 11

e —— — —7
_ |
“ mczmw_umw_m oc:mw_wmw_m ! mﬂm msmm
A Jeubis , jeubis| | s -/
\*_ \_P::oo peay j0JIU0D m\F.>> b r=— I.."m:m r— .IJ_ 825
i N .
Bo1Z | €25 * k ¢es N ﬁm\ /-
| : | T 25+ F
<5 nWvd el—+H (@dd T F——1 (1)dd T —
| 126” : | “:m" - 5, 302 (1) wnoto
. l uissaooud jeubis
“ omm./ * m “ “ ka\ “ $:G “ 10 lebip woi
i WV e O dd 1T
b e e — L____J ¥

22



EP 0 926 888 A2

Fig. 12.
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Fig. 14
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